A Study of Experimental Human Infections Due to Trichophyton Rubrum, Trichophyton Mentagrophytes and Epidermophyton Floccosum, with Particular Reference to the Self-Limitation of the Resultant Lesions12  by Sloper, J C
A STUDY OF EXPERIMENTAL HUMAN INFECTIONS DUE TO
TRICHOPHYTON RUBRUM, TRICHOPHYTON MENTAGROPHYTES
AND EPIDERMOPHYTON FLOCCOSUM, WITH PARTICULAR
REFERENCE TO THE SELF-LIMITATION OF THE RESULTANT
LESIONS * I
J. C. SLOPER, M.D4
The study of the experimental inoculation of dermatophytes in man has been
largely neglected. However, in the course of the investigation of an epidemic of
body-ringworm in Malaya (Sanderson and Sloper, 1), certain preliminary studies
were made of the natural course of artificially-induced infections due to Tricho-
phyton mentagrophytes (Robin, Blanchard, 2), Epidermophyton floecosum (Harz,
Langeron and Milochevich), and Trichophyton rubrum (Castellani, Ota). These
are reported first because of the paucity of comparable observations, and second,
because of their therapeutic implications. For it will be shown that lesions due to
all three organisms healed spontaneously, a result fairly well-recognized in the
case of the zoophilic Trichophyton mentagrophytes, but entirely unexpected in the
case of Trichophyton rubrum and the typically anthropophilie Epidermophyton
floccosum.
METHODS
Inoculations were made with small fragments of pure culture, with loops of
culture suspended in broth and with scales from artificially induced lesions. Only
early cultures or subcultures less than a fortnight old were used for inoculation,
and these were derived from typical colonies of the three organisms already men-
tioned obtained from spontaneous lesions, and growing on beerwort agar or Sab-
ouraud's maltose-peptone agar. The distinction between Trichophyton mentagro-
phytes and Trichophyton interdigitale (Priestley, Ota) was made with great care,
specimen cultures of each having been verified by Dr. J. T. Duncan, late Director
of the Department of Medical Mycology, the Institute of Tropical Medicine.
Colonies of Trichophyton mentagrophytes on Sabouraud 's maltose-peptone agar
were white, yellow-centred, and granular, and on microscopy showed abundant
microconidia. Colonies of Trichophyton interdigitale were white and woolly, and
on microscopy showed few microconidia. Inocula were applied to the intact or
previously scarified glabrous or hairy skin. No attempt was made to scarify and
maccrate the skin as severely as recommended by Von Graffenried (3) or Tani-
guchi (4). Perhaps because of this, the only attempt made with Trichophyton
interdigitale was unsuccessful. The area inoculated was usually covered with lint
or gauze and elastoplast, but in several instances it was covered by a transparent
nylon dressing through which water-vapour could evaporate (supplied by I.C.I.
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to Professor J. R. Squire, late Director of Medical Research Council Department
for Research into Industrial Skin Diseases).
OBSERVATIONS
(a) Trichophyton mentagrophytes
Successful inoculations were readily made with this organism using all the
methods mentioned above. In six subjects, including a Malay, the skin of the
flexural and extensor surfaces of the forearm and the outer surface of the leg and
ankle were inoculated. The incubation period varied between 2 and 7 days. An
irritating interdigital phytid of the hands developed at about the 36th hour in one
subject (J. C. S.) and the irritation was considerably worse than that experienced
by the same subject from the resulting mycosis, or for that matter from either of
the two other organisms subsequently inoculated into this subject. Pustular
ringworm lesions developed in every subject, and it was readily shown that pus-
tules under a sterile dressing yielded the trichophyte alone. Thus, in C. R. B., the
fluid in a pustule contained abundant neitrophil polymorphonuclear leukocytes.
Culture on beerwort agar yielded Trichophyton mentagrophytes, but on blood-agar
no bacteria were grown. The same observation was made by Captain J. R. May in
over half the spontaneous deep trichophytic beard lesions he cultured.
In two subjects (P. H. S. and J. C. S.) fiexural forearm lesions were allowed to
extend untreated, the former's under nylon, the latter's under elastoplast. In
P. H. S. a non-scarified inoculation with a loop of spores suspended in broth
caused a lesion which first appeared after 12 days, reached an area measuring
Fie. 1. This and two subsequent figures show evolution of experimental infections due to
T. mentagrophytes on the human forearm. The uppermost inoculum was a fragment of
culture: the middle and lowermost were loops of broth-suspension of culture. In only the
lowermost was the skin scarified. The first photograph was taken 5 days after inoculation.
It 
S 
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FIG. 2. Lesions 23 days after inoculation
FIG. 3. Lesions fading, 37 days after inoculation
3 x 2 cm. in 23 days, and ceased to extend at the 30th day; the lesion then faded,
but the scaling persisted for some 110 days. On J. C. S. 3 simultaneous inocula-
tions, the first made with a fragment of culture, the second and third made with
ioops of broth applied to the intact and scarified skin, all took in 3 days, the first
growing most rapidly, namely to 4.6 x 2.2 cm. in 31 days, and disappearing by
by about 59 days (figs. 1, 2 and 3).
Organisms were recovered from all three lesions. Scrapings from the P. II. S.
lesion were applied to the scarified flexor skin of J. C. S. some 5 cm. above the
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uppermost active 20 day old lesion on the latter's arm. A lesion appeared in 5 days
and disappeared in 42 days.
A more florid lesion was produced by the application of a scraping from a 12
day old experimental lesion on C. R. B. to the unscarifled extensor surface of the
forearm of J. C. S., on the opposite side of the arm to the site of one of the spoil-
taneously healed lesions inoculated 72 days before. This took in 7 days, yielded
the organism when cultured on the 11th day and healed of its own accord in
about 40 days.
The sites of the initial inoculations on J. C. S. were re-inoculated with fragments
of culture on the 116th day, i.e. some 50 to 70 days after the self-limitation of the
original lesions. These inoculations took readily in 4 days. The inoculations made
on C. R. B. (three on the flexor surface of the forearm with spore-suspensions in
broth), on S. S. B. (on the lower leg with a fragment of culture), on A. H. (on the
left arm, with a spore-suspension) and on A. M., a Malay (on the lower leg with a
fragment of culture) took readily between 3 and 8 days, and were then cured by
the application of 2 per cent chrysarobin in Lassar's paste. During the study of
these lesions, in the case of C. R. B. the skin was covered by a nylon-dressing,
whereas in the remainder gauze or lint under plaster was used.
(b) Epidermophyton floccosum
An unsuccessful attempt was made to infect the unscarified flexor surface of
the left forearm of J. C. S. with a piece of a colony of Epidermophytonfloccosuni 11
days after the first trichophytic inoculation on this subject. A similar attempt
was also made with Trichophyton interdigitale.
After the 146th day fragments of a culture of Epidermophyton fioccosum were
applied under gauze and plaster to the crutch of J. C. S. and an elevated plaque
with vesicles formed in 2 days. In 13 days this measured 3 x 2 cm. It spread
slightly, tending to heal in the middle and only a small peripheral patch survived
by the 60th day. However, this patch gave rise to a new and similar-sized lesion
which only finally resolved by about the 150th day.
Fragments of a culture of Epidermophyton floecosum were inoculated on the
lower leg of J. C. S. 62 days later (208 days after the first trichophytic inoculation).
The lesion appeared in 2 days: in 20 days it measured 1.8 cm. in diameter and
there was a satellite lesion (0.3 cm. diam.). A circinate red scaling occasionally
vesicular lesion almost encircled the leg at the 65th day and had small satellite
lesions. Fine scaling remained at the 83rd day and this slowly disappeared.
(c) Trichophyton rubrum
Fragments of a culture of this organism were applied to the left leg of J. C. S.
at the same time as the epidermophytic inoculation of the right. A papule ap-
peared in 3 days. At 10 days therewerevesiclesandthelesionmeasured 3 x 3 cm.
At first it spread faster than the contralateral epidermophytic lesion; it itched
the worst of all the inoculations, and was redder and became more scaly. At 20 days
it measured 6 x 4 cm. and there were numerous satellite papules; by 65 days it
had encircled the ankle, measuring 11 cm. x between 4 and 8 cm., showing a
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scaling and slightly raised periphery, whereas the center was fiat and the whole
area thin and papery. This lesion subsided like the epidermophytic lesion in
about 85 days. Over a period of 5 years none of these lesions have relapsed.
DISCUSSION
IDermatomycoses were readily produced in the human skin by the inoculation
of Trichophyton mentagrophytes, Epidermophyton floccosum, and Trichophyton
rubrum. The methods used and the results obtained differ in some respects from
those hitherto reported in the literature, and will therefore be discussed before
reference is made to their implications.
It has been customary to proluce dermatomycoses either by the injection of
culture-suspensions, or by the inoculation of the previously scarified skin (Sulz-
berger, 5). Simpler methods were adopted in Malaya, for it was found that the
intact and unprepared skin could readily be inoculated with all three organisms.
It is possible that the moistness of the skin in a warm and humid subtropical
climate favoured the use of so simple a method.
Lesions were produced on the skin of the trunk and limbs with Trichophyton
mentagrophytes, Epidermophyton floccosum, and Trichophyton rubrum. Organisms
akin to each of these three have been successfully inoculated at least once into
humans in the past: Epidermophyton inguinale (Epidermophyton floccosum) in the
toe-cleft by Dold (6), Trichophyton rubidum (Trichophyton rubrum) in the toe-
cleft by Priestley (7) and Trichophyton gypseum (probably Trichophyton mentagro-
phytes) in the forearm by Greenbaum (8). However, the course of the resultant
lesions has hitherto only been studied in the case of the last of these organisms.
With regard to its identity, this is not the place to consider whether Greenbaum's
(8) Trichophyton gypseum refers to Trichophyton interdigitale (Priestley) or to
Trichophyton mentagrophytes (Robin). The former is in fact rarely recovered from
the skin of the body, and it is sufficient to note that of the six lesions due to Tn-
chophyton mentagrophytes studied throughout their course in Malaya, five on the
flexor surface of the forearm and the single deeper arid more indurated lesion on
the extensor surface of the forearm, healed of their own accord in between 27 and
59 days. The lesser period is similar to that observed by Greenbaum (8) in the case
of a forearm lesion due to Trichophyton gypseum, and by Epstein and Gruen-
mandel (9) in the case of experimental lesions on the trunk due to the same
organism.
The comparable observations made in Malaya on the natural course of experi-
mental lesions due to Epidermophytort floccosum and Tnichophyton rubrum are
without precedent. The first successful inoculation of the former was made on
the crotch. This had almost healed in some 80 days but one small area seemed
at this point to relapse and spread considerably before ultimately healing. A second
inoculation, subsequently inoculated on the leg of the same subject, healed of its
own accord in about 80 days.
Simultaneously, a successful inoculation was made with Tnichophyton rubrum
on the opposite leg. This was by far the most irritating of the lesions produced in
this subject, although it too healed in about 80 days.
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The self-limitation of these lesions due to Trichophyton rubrum and Epidermo-
phyton fioccosum is the reverse of what might be expected from the literature.
Indeed, the risk of an intractable mycosis might lead some to deprecate the
experimental use of this organism. However, comparable experiments have been
been made in the past with Trichophyton interdigitale (Weidman, White, ii),
an organism quite as common as Trichophyton rubrum, and quite as likely to
to cause onychomycoses.
The relationship between the natural and the artificially produced dermatomycosis
These experimental mycoses were studied during the investigation of a very
wide-spread epidemic of body-ringworm, in the course of which it became clear
that many lesions due to Trichophyton mentagrophytes healed of their own accord,
particularly when deep and follicular. For example, 5 such lesions, treated at most
with salinecompresses, healedinless than50 days. As a resultit seemed justifiable
to leave a superficial spontaneous trichophytic lesion on the abdomen covered but
untreated, and this resolved in 30 days. The long recognized fact that such infec-
tions can resemble closely those of epidermophytic origin (Sanderson and Sloper,
1) suggested that the latter too might resolve without treatment. This was
shown to be the case by auto-inoculation, and it was also established by leaving
two naturally occurring epidermophytic lesions covered but untreated, the one on
the leg and the other on the crutch. From these observations it was concluded
that the experimental lesions studied did not differ materially from those which
occurred spontaneously in the case of Trichophyton mentagrophytes and Epidermo-
phyton fioccosum. The single experimental lesion due to Trichophyton rubrum
resembled closely those which occurred spontaneously, but the natural course of
lesions due to the latter was not studied.
The mechanism underlying self-limitation
Too little is known about the intrinsic as opposed to acquired defense-mechan-
isms of the skin for the former to merit detailed consideration, although it is of
course clear that factors such as the pH of the skin, the rate of desquamation,
the character and amount of sebum secreted, and the rate of hair growth must
play a large part in the healing of mycoses. it is, however, widely held that
infections, particularly those due to zoophilic dermatophytes, provoke an ac-
quired humoral immunity, apparently related to, but not to be identified with,
the cutaneous hypersensitivity demonstrated by inoculations of trichophytin.
Since most of the experiments detailed in this paper were made on one subject,
who developed a marked phytid after the first inoculation, and since the clinical
observations were made on patients, from the feet of many of whom both
Trichophyton mentagrophytes and Epidermophyton fiocco sum were readily re-
covered, it is clear that an acquired immunity of this kind might well have been
an important factor. This is supported, for example, by Delamater and Benham's
(12) experiments on rats, which showed that a single artificial lesion could give
give rise to a generalized immunity.
In humans, however, it has yet to be shown that any corresponding immunity
EXPERIMENTAL DERMATOPHYTIC INFECTIONS 27
can develop. Indeed, although a residual immunity has been demonstrated fol-
lowing the healing of an experimental lesion due to Trichophyton gypseum
(Greenbaum, 8), no comparable residual immunity could be demonstrated in
two similar experiments performed with Trichophyton mentagrophytes in Malaya.
The dstinctwn between zoo philic and anthropophilic dermatophytes
It is held that dermatophytes may be classified into two main groups, the
zoophilic and the anthropophilic, depending upon their adaptation to an animal
or human host (Sulzberger, 5). Trichophyton mentagrophytes characterizes the
first group, Epidermophyton floccosum the second. The distinction between these
groups has much to support it, for typical anthropophilic organisms are never
recovered from animals, whereas zoophilic dermatophytes such as Trichophyton
mentagrophytes, although responsible for sporadic cases of human ringworm, are
supposed never to cause human epidemics. This was not the case in Malaya,
where we were clearly concerned with an epidemic due as much to a zoophilic
as to an anthropophilic dermatophyte. Our observations further weakened the
distinction between the two groups by showing that human lesions caused by
human adapted organisms were capable of healing spontaneously, a property
hitherto held to be confined in the human to lesions due to zoophilic dermato-
phytes. The problem of host-adaptation in the dermatophytes clearly merits
further investigation. Our preliminary observations with human inoculations
indicate that direct experiments of this kind may be of great use in this field.
SUMMARY
1. Ringworm lesions were readily produced on the human skin with Epidermo-
phyton floccosum (twice), Trichophyton rubrum (once), and Trichophyton menta-
grophytes (12 times).
2. Experimental lesions due to all three dermatophytes healed of their own
accord.
3. The self-limitation of these lesions weakens the distinction which has been
made between anthropophilic and zoophilic dermatophytes.
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